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TTTLF. OF THE INVENTION 

INKJET RECORDING APPARATUS AND RECOVERY CONTROL AFTER 
INTERRUPTION OF ITS RECORDING OPERATION 

BACKGROUND OF TH E INVENTION 
Field of the Invention 

[0001] The present invention relates to Inkjet recording 
apparatuses, and more particularly, it is related to an 
Inkjet recording apparatus having a mechanism for correcting 
an uneven density when a recording operation of a continuous 
image is interrupted and is then resumed. 
Description of the Related Art 

[0002] An Inkjet recording apparatus for recording an 
image by discharging ink towards a recording medium 
(recording material) such as a sheet of paper, a sheet of 
cloth, a plastic sheet, or an overhead projector (OHP) sheet 
on the basis of image data (recording data) is widely used 
as a recording apparatus having a function of a printer, a 
copying machine, or a facsimile machine, or as a recording 
apparatus (a printing apparatus) serving as an output device 
of a combined electronic device including a computer and a 
word processor, a workstation, or the like. 
[0003] In order to meet a variety of requirements for 
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recording media composed of new materials, in recent years, 
there has been developed a recording apparatus in which 
recording media composed of materials such as cloth, leather, 
unwoven cloth, and metal, other than normal recording media 
5 such as sheets of paper (including a thin sheet of paper and 

a sheet of converted paper) and thin plastic sheets 
(including an OHP sheet) are used. 

[0004] Since the majority of the foregoing Inkjet 
recording apparatuses are of a so-called serial scan type in 

10 which an image is recorded while a recording head performs 

scanning operations a plurality of times in a direction 
(main-scan direction) intersecting with the forwarding 
direction (the sub- scan direction) of a recording medium, 
and have a reduced size of a recording head unit and a low 

15 cost structure, a large number of Inkjet recording 

apparatuses have been commercialized from various 
manufacturers . 

[0005] In such an Inkjet recording apparatus of a serial 
scan type, when a recording operation is performed, ink mist 

20 produced when ink is discharged from a recording head, 

splash mist produced due to an impact occurring when 
discharged ink reaches a recording material, or the like 
sometimes accretes on a discharge-port surface of the 
recording heads. Accordingly, there is a risk in that 

25 discharge ports of the recording heads are clogged with the 
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accreted ink mist, thereby leading to a failure in 
discharging ink. 

[0006] In order to solve the above problem, the foregoing 
recording apparatus is constructed such that the ink mist 
5 accreted around the discharge ports is wiped and removed by 

providing a wiping blade composed of a rubber- like elastic 
member such as polyurethane rubber and by moving the 
recording heads in a state in which the wiping blade abuts 
against the discharge -port surface of the recording heads. 
10 Such a discharge -recovery operation is called a wiping 

operation . 

[0007] Also, since an image is formed by selectively 
discharging ink from the plurality of discharge ports of the 
recording heads during the recording operation, some of the 

15 discharge ports formed at the fronts of nozzles of the 

recording heads may remain in contact with the air without 
ink being discharged therefrom. In such nozzles, since ink 
in the nozzles gets evaporated and dried, and thus has an 
increased viscosity, the amount of discharged ink decreases 

20 and a discharge speed of ink decreases, thereby sometimes 

causing a discharge failure such as a wrong discharge 
direction. In order to remove the evaporated and dried ink 
having an increased viscosity, the discharge failure is 
prevented from occurring by discharging ink, irrelevantly of 

25 the recording operation, from the nozzles of the recording 



heads towards an object other than a recording medium. Such 
a discharge -recovery operation is called a preliminary 
discharge operation. 

[0008] Also, when the recording operation of each 
recording head is continuously performed for a long time, 
the temperature of the recording head increases due to the 
heat stored when recording ink is discharged, which causes 
gas in a form of bubble comes to be mixed in an ink holder 
(common ink chamber) or the like placed in the vicinity of 
the nozzle of the recording head. When the bubble is 
inflated to a certain extent, the bobble sometimes prevents 
ink from being fed to the nozzle, and resultantly from being 
normally discharged. In order to solve the above mentioned 
problem, a cap composed of rubber or the like is disposed so 
as to abut against the discharge -port surface of the 
recording heads (i.e., the surface in which the discharge 
ports of the recording heads are formed) , so that bubbles 
together with ink remaining in the vicinities of the nozzles 
are forcefully sucked and discharged via the cap. Such a 
discharge -recovery operation is called a sucking operation. 
[0009] By performing such a discharge-recovery operation 
of the recording heads before or after an image -forming 
operation, or during a standby time midway through the 
image-forming operation and before the start of the 
subsequent scanning operation, ink is normally discharged 



- 5 - 



from the recording heads, thereby preventing degradation of 
image quality and thus always forming a high-quality image. 
[0010] In the meantime, when an image-forming operation 
such as a long-banner printing operation for forming an 
5 image in a large area is performed, sometimes it is required 

to perform such a discharge-recovery operation in order to 
always form a high-quality image even when the recording 
operation is interrupted midway through the image-forming 
operation . 

10 [0011] More particularly, since thermal energy for 

continuously discharging recording-ink for a long time is 
supplied to the recording heads, the temperatures of the 
recording heads during the recording operation such as the 
long-banner printing operation are higher than those 

15 immediately after the start of the recording operation. 

[0012] Accordingly, when the wiping operation serving as 
the foregoing discharge -recovery operation is performed 
during a standby time midway through the recording operation 
and before the start of the subsequent scanning operation, 

20 since no thermal energy is continuously supplied to ink 

during the wiping operation, and also the temperatures of 
the recording heads midway through the recording operation 
are higher than an ambient temperature around the Inkjet 
recording apparatus, the temperatures of the recording heads 

25 immediately after the resumption of the recording operation 
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are lower than those before the discharge -recovery operation 
due to heat radiation during the discharge -recovery 
operation . 

[0013] Likewise, when the preliminary discharge operation 
5 serving as the foregoing discharge -recovery operation is 

performed during a standby time midway through the recording 
operation and before the start of the subsequent scanning 
operation, although thermal energy is supplied to ink during 
the preliminary discharge operation, since the amount of 

10 thermal energy continuously supplied to the recording heads 

is smaller than that during the image-forming operation, 
thermal radiation during the discharge-recovery operation 
has a large influence on the temperatures of the recording 
heads, and hence the temperatures immediately after the 

15 resumption of the recording operation are lower than those 

before the discharge -recovery operation. 

[0014] Also, when the sucking operation serving as the 
foregoing discharge-recovery operation is performed during a 
standby time midway through the recording operation and 

20 before the start of the subsequent scanning operation, since 

no thermal energy is continuously supplied to the recording 
heads during the sucking operation, and also, in addition to 
heat radiation during the discharge -recovery operation, the 
sucking operation causes ink in an ink-feeding path for 

25 feeding ink to the recording heads to flow into the 



recording head, the recording heads are cooled down, whereby 
the temperatures of the recording heads immediately after 
the resumption of the recording operation are further lower 
than those before the discharge -recovery operation such as 
the wiping operation, or the preliminary discharge operation. 
[0015] Unfortunately, such known discharge -recovery 
operations have the following problems which must be solved. 
A temperature of ink in the Inkjet recording heads is very 
important to maintain the amount of the ink discharged from 
the recording heads constant. That is, a viscosity and a 
surface tension of the ink vary in accordance with the 
temperature thereof, thereby causing the amount of 
discharged ink to vary. 

[0016] In order to solve the above problem, when the 
discharge -recovery operation of the recording heads is 
performed during a standby time midway through the image - 
forming operation and before the start of the subsequent 
scanning operation so as to normally discharge ink from the 
recording heads, to prevent degradation of image quality, 
and thus to always form a high-quality image, the ink 
temperatures of the recording heads immediately after the 
resumption of the image- forming operation become lower than 
those before the discharge -recovery operation, thereby 
decreasing the amount of discharged ink and thus decreasing 
an optical density of the image. 
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[0017] In addition, in the case where the recording 
operation is performed by transferring a large amount of 
image data to the Inkjet recording apparatus with image -data 
transfer means such as an interface as in the case of the 
5 long-banner printing operation, when the recording operation 

is performed under a printing configuration in which the 
transfer rate of the image data is lower than the recording 
speed of the Inkjet recording apparatus, sometimes it is 
required to temporally interrupt the recording operation 

10 until the image data is transferred to a host device and 

then to resume the recording operation after the finish of 
transferring the image data. On this occasion, since the 
length of a downtime of the recording operation depends on a 
processing speed of a CPU of the host device connected to 

15 the Inkjet recording apparatus, a specification of the 

interface, and the amount of recording image data, a 
decrease in an optical density due to decreases in the 
temperatures of the recording heads caused by heat radiation 
during the downtime of the recording operation and a 

20 printing interruption of the recording heads is not uniquely 

determined but varies greatly depending on a user 
configuration . 

[0018] Also, since the foregoing decrease in the optical 
density during the printing interruption takes place in 
2 5 mutually adjacent image -forming regions before and after the 
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printing interruption, even a slight decrease in the optical 
density is significantly noticeable with respect to an 
actually printed image, thereby degrading image quality. 
[0019] Meanwhile, in order to remove a strain caused by 
5 an ink drop accreted on the discharge-port surface of the 

recording heads, for example, Japanese Unexamined Patent 
Application Publication No. 6-328723 has disclosed a 
technique with which, the discharge-port surface is cleaned 
by making ink in the nozzles to overflow towards the 
10 discharge-port surface, and then the temperatures of the 

recording heads are returned to those immediately before 
cleaning the discharge-port surface. 

[0020] Although a recording apparatus according to the 
above-mentioned technique has a structure in which, after 

15 the discharge-port surface is cleaned, the temperatures of 

the recording heads are returned to those immediately before 
cleaning the discharge -port surface by recording-head 
heating means, unfortunately, due consideration has not been 
given to affects of the interruption of the recording 

20 operation and the length of the downtime of the recording 

operation, other than the above cleaning operation of the 
recording heads, on the optical density of an image. 

SUMMARY OF THE INVENTION 

25 
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[0021] The present invention has been made in view of the 
above problems. Accordingly, it is an object of the present 
invention to provide an Inkjet recording apparatus in which, 
even when a recording- interruption operation of recording 
heads is performed during a recording operation of the 
recording heads, differences in optical densities and colors 
of a recording image before and after the interruption of 
the recording operation are prevented from occurring. 
[0022] An example recording apparatus according to the 
present invention includes a timer for measuring a recording 
downtime when an image -recording operation of at least one 
recording head is interrupted during the recording operation 
and is then resumed; and control means for performing a 
temperature control of the recording head before the 
resumption of the recording operation in accordance with the 
length of the recording downtime measured by the timer. 
[0023] Also, an example control method of a recording 
apparatus according the present invention includes the steps 
of measuring a recording downtime with a timer when an 
image -recording operation of at least one recording head is 
temporally interrupted during the recording operation and is 
then resumed; and performing a temperature control of the 
recording head before the resumption of the recording 
operation in accordance with the length of the recording 
downtime measured by the timer. 
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[0024] With the above-described structure of the ink jet 
recording apparatus according to the present invention, 
factors such as blurring which vary in accordance with the 
length of a recording downtime are prevented, thereby 
5 recording a high quality image without causing differences 

in optical densities and colors of a recording image before 
and after the interruption of the recording operation to 
occur. 

[0025] Further objects, features and advantages of the 
10 present invention will become apparent from the following 

description of the preferred embodiments with reference to 
the attached drawings. 

RPTEF DESCRIPTION OF THE DRAWINGS 

15 

[0026] Fig. 1 is a schematic perspective view of the 
common structure of Inkjet recording apparatuses according 
to first and second embodiments of the present invention. 
[0027] Fig. 2 is a block diagram of an example 

20 configuration of a control system of the Inkjet apparatus 

according to the first embodiment of the present invention. 
[0028] Fig. 3 is a graph illustrating how a temperature 
of one of recording heads changes when a temperature control 
of the recording heads is not performed after a sucking 

25 operation serving as discharge-recovery processing is 
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performed midway through an image-forming operation. 
[0029] Fig. 4 is a graph illustrating the relationship 
between a temperature of the recording head and the amount 
of discharged ink. 

[0030] Fig. 5 is a graph illustrating an image optical 
density after the sucking operation serving as the 
discharge -recovery processing is performed midway through 
the image -forming operation. 

[0031] Fig. 6 is a table showing temperatures of the 
recording heads in the first embodiment. 

[0032] Fig. 7 illustrates example drive pulses used for a 
temperature control of the recording heads. 
[0033] Fig. 8 illustrates an average temperature of the 
recording heads when short -width pulses are applied on the 
recording heads after a sucking operation serving as a 
recording-interruption operation . 

[0034] Fig. 9 is a graph illustrating how an average 
temperature of the recording heads changes when the heating 
control of the recording heads is performed after the 
sucking operation serving as the recording- interruption 
operation is performed. 

[0035] Fig. 10 is a graph illustrating how an image 
optical density changes when the heating control of the 
recording heads is performed after the sucking operation 
serving as the recording-interruption operation is performed. 
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[0036] Fig. 11 is a graph illustrating how the image 
optical density changes when the heating control of the 
recording heads is performed after the sucking operation 
serving as the recording- interruption operation is performed 
and also when the downtime in this case is longer than that 
shown in Fig. 10. 

[0037] Fig. 12 is a graph illustrating the relationship 
between a difference in image optical densities and a 
recording downtime . 

[0038] Fig. 13 illustrates the relationship between the 
number of blur- correction pulses and a recording downtime. 
[0039] Fig. 14 is a correction table showing the 
relationship between the number of blur-correction pulses 
and a recording downtime. 

[0040] Fig. 15 is a flowchart illustrating an image- 
recording operation of the recording apparatus from its 
start to resumption when the discharge -recovery processing 
serving as the recording- interruption operation is performed. 
[0041] Fig. 16 is a graph illustrating the relationships 
between a recording downtime and differences in optical 
densities of images recorded with mutually different colors 
of ink. 

[0042] Fig. 17 is a graph illustrating the relationships 
between a recording downtime and the numbers of blur- 
correction pulses of images recorded with the mutually 
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different colors of ink. 

[0043] Fig. 18 is a correction table showing the 
relationships between a recording downtime and the numbers 
of blur-correction pulses of images recorded with the 
mutually different colors of ink. 

DESCRIPTION OF THE PREFERRED EMBO DIMENTS 

[0044] Preferred embodiments of the present invention 
will be described with reference to the accompanying 
drawings . 

First Embodiment 
[0045] Fig. 1 is a schematic perspective view 
illustrating the common structure of Inkjet recording 
apparatuses according to embodiments of the present 
invention. As shown in Fig. 1, a recording medium 4 (not 
shown) in a form of a continuous roll of paper or a cut 
sheet is forwarded between recording heads 1 and a platen 
roller 23 for forming and maintaining a recording surface of 
the recording medium 4, while being pressed by a pinch 
roller (not shown) onto the platen roller 23. The recording 
heads 1 are mounted on a carriage 21 and are driven so as to 
perform serial scanning operations in the SA and SB 
directions indicated in the figure along two guide rails 24a 
and 24b so as to record an image on the recording medium. 
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The carriage 21 is connected to a shaft 27 of a motor 26, 
having pulleys 28a and 28b and a belt 29 entrained about the 
pulleys 28a and 28b interposed therebetween, and is driven 
in the SA and SB directions in accordance with a rotation of 
the motor 26. 

[0046] The recording heads 1 have four recording units 
corresponding to four colors: for example, yellow (Y), 
magenta (M) , cyan (C) , and black (Bk) . The recording units 
recording an image with the Y, M, C, and Bk colors have 
respective ink-feeding paths, and are fed with four kinds of 
ink for the Y, M, C, and Bk colors from ink tanks 19Y, 19M, 
19C, and 19Bk through ink feeding pipes 20Y, 20M, 20C, and 
20Bk, respectively. 

[0047] Capping means 22, a suction cap 42, and wiping 
means 25 are disposed outside an area where an image is 
recorded by the recording heads. In a state in which the 
carriage 21 having the recording heads 1 mounted thereon 
moves to a home position HP and the suction cap 42 is 
opposed to the recording heads 1, the suction cap 42 moves 
in the directions of the arrow f indicated in the figure so 
as to abut against a discharge -port surface of the recording 
heads 1, and then performs a discharge -recovery operation. 
[0048] Likewise, in a state in which the carriage 21 
moves to a capping position CP, and then the capping means 
22 is opposed to the recording heads 1, the capping means 22 
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moves in the directions of the arrow f so as to abut against 
the discharge -port surface of the recording heads 1 and then 
performs a capping operation. 

[0049] Likewise, in a state in which the carriage 21 
moves to a wiping position WP, and then the wiping means 25 
is opposed to the recording heads 1, the wiping means 25 
moves in the directions of the arrow f so as to abut against 
the discharge -port surface of the recording heads 1 and then 
performs a wiping operation. 

[0050] With this arrangement, when one of the ink jet 
recording apparatuses receives recording image data through 
interface means (not shown), in order to record the data on 
the recording medium 4 forwarded by a paper- forwarding unit 
(not shown), the recording apparatus is controlled such that 
the carriage 21 having the recording heads 1 mounted thereon 
performs scanning operations in the main scan directions, 
that is, in the SA and SB directions. When the recording 
apparatus records an image corresponding to one scanning 
operation, the recording medium 4 is forwarded in a 
direction (sub- scan direction) perpendicular to the 
traveling directions of the carriage 21, by an amount of one 
band corresponding to the width of the image recorded in the 
one scanning operation with the main scanning operation. 
[0051] The carriage 21 has an encoder film (not shown) 
disposed in the vicinity thereof and an encoder sensor (not 
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shown) mounted thereon so as to detect an absolute position 
thereof, and the recording apparatus is controlled such that 
the encoder sensor reads the encoder film so as to detect 
the absolute position. 

[0052] Thus, by making the carriage 21 to scan on the 
basis of a position-detected signal from the encoder sensor, 
the carriage 21 is halted at each of the wiping position WP, 
the home position HP, and the capping position CP. 
[0053] The recording heads 1 according to a first 
embodiment have 256 discharge ports disposed at intervals of 
600 dpi (dots/inch, about 236 dots/cm) in the sub-scan 
direction, and an ink-flow path in communication with each 
discharge port has an electrothermal conversion member 
disposed therein for locally heating ink in the ink- flow 
path so as to generate film-boiling of the ink and thus to 
discharge the ink with the pressure produced by the film- 
boiling. 

[0054] Also, the Inkjet recording heads 1 have a 
temperature sensor 50 (see Fig. 2) for detecting the 
temperatures thereof disposed on the same board as that on 
which the electrothermal conversion members are disposed. 
[0055] Fig. 2 is a block diagram illustrating an example 
configuration of a control system of the recording apparatus 
according to a first embodiment of the present invention. 
[0056] As shown in Fig. 2, a controller 800 serving as a 
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main control unit includes a CPC 801 in a form of, for 
example, a microcomputer, for executing a sequence, which 
will be described later, and the like; a ROM 802 for storing 
a program corresponding to the procedure of the sequence, a 
variety of conversion tables, and fixed data including a 
voltage value and a pulse width of a heating drive pulse 
applied on the recording heads; and a RAM 803 for providing 
an image-data developing area, a working area, and the like. 
[0057] An ambient temperature detected by an ambient 
temperature sensor 811 is inputted into the controller 800 
and is used to calibrate an output value of the temperature 
sensor 50 mounted on of the recording heads 1, for detecting 
temperatures of the recording heads . 

[0058] A timer 812 serves as recording -downtime detecting 
means, which will be described later, for measuring a 
printing-operation downtime of the recording heads. 
[0059] A host device 805 serving as a source for 
supplying recording image data sends and receives recording 
image data, commands and status signals, and so forth, to 
and from the controller 800 disposed in the main body of the 
Inkjet recording apparatus via interface (I/F) means 804. 
[0060] A head driver 806 drives the electrothermal 
conversion members (discharging heaters) of the recording 
heads in accordance with recording image data and so forth. 
When temperature values detected by the temperature sensor 
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50 for detecting the temperatures of the recording heads are 
inputted into the controller 800, and the controller 800 
instructs the head driver 806 so as to input optimal drive 
pulse signals to the recording heads 1 in accordance with 
the detected temperature values, the recording apparatus 
performs an discharge operation for discharging recording 
ink from the recording heads 1. 

[0061] The motor 26 serving as a main scanning motor 
moves the carriage 21 in the main scan directions, while 
being driven by a motor driver 807. A sub-scan motor 801 
forwards the recording medium 4 (performs a sub -scanning 
operation), while being driven by a motor driver 808. 
[0062] In the foregoing Inkjet recording apparatus, a 
temperature control of the recording heads performed when 
discharge-recovery processing serving as a printing- 
interruption operation is performed midway through an image- 
forming operation will be described. 

[0063] Fig. 3 is a graph illustrating how a temperature 
of one of the recording heads changes when a temperature 
control of the recording heads is not performed after a 
sucking operation serving as the discharge -recovery 
processing is performed. A sub- scan recording position A 
shown in Fig. 3 represents a position where a sucking 
operation serving as a printing-interruption operation is 
performed during a recording operation. Since thermal 
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energy for discharging ink is continuously supplied to the 
recording head, the temperature of the recording head during 
an image -forming operation, lying in a position preceding 
the position A, is higher than that immediately after the 
start of the image-forming operation. Meanwhile, since no 
thermal energy is continuously supplied to the recording 
head during the sucking operation, and in addition to 
thermal radiation during the discharge -recovery operation, 
also since the sucking operation causes low- temperature ink 
in an ink- feeding path for feeding ink to the recording head 
to flow into the recording head and the recording head to be 
cooled down, the temperature of the recording head lying in 
a position succeeding the sub- scan recording position A and 
immediately after the resumption of the image -recording 
operation is lower than that before the discharge -recovery 
operation . 

[0064] In the meantime, as shown in Fig. 4, in the Inkjet 
recording apparatus for performing the recording operation 
by discharging liquid recording ink, since the temperature 
of the recording ink in an ink chamber of the recording head 
increases as the temperature of the recording head increases, 
the viscosity of the recording ink decreases, thereby 
resulting in an increased amount of discharged ink from the 
recording head. 

[0065] As a result, as shown in Fig. 5, when the 
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recording operation is resumed so as to form an image after 
the sucking operation serving as the discharge -recovery 
processing is performed and the recording operation is 
interrupted, a change in image optical densities takes place 
between the positions immediately preceding and succeeding 
the sub- scan recording position A (the position at which the 
sucking operation is performed) . Since the change in 
optical densities before and after the interruption of the 
recording operation takes place in mutually adjacent image 
forming regions before and after the interruption, even a 
slight decrease in an optical density (for example, a 
difference in optical densities of about 0.02) is 
significantly noticeable in an actually printed image, 
thereby causing a serious problem from the viewpoint of 
image quality. 

[0066] Also, even when the wiping operation or a 
preliminary discharge operation serving as the discharge- 
recovery operation, other than the sucking operation, is 
performed midway through an image-f orming-and-recording 
operation or even when the recording operation is 
temporarily interrupted, for example, in a time period while 
image data from the host device is transferred to the main 
body of the recording apparatus, a change in optical 
densities of a recording image similar to that occurring 
before and after the recording-operation interruption shown 
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in Fig. 5 takes place. 

[0067] In view of the above problem, according to the 
present invention, the discharge-recovery processing by 
means of the sucking operation serving as the recording- 
interruption operation during the image - forming -and - 
recording operation of the recording head is performed, and 
then a heating control of the recording heads is performed. 
[0068] More particularly, after the start of the image - 
f orming-and-recording operation of the recording heads 1, 
temperatures Tal to Ta4 of the plurality of recording heads 
1 (four recording heads in the embodiment) immediately 
before the recording-interruption operation are measured, 
and an average temperature Tavel of the temperatures Tal to 
Ta4 of the recording heads is computed and temporally stored 
in the controller 800. Meanwhile, in the present embodiment, 
temperatures of the recording heads are measured in every 
record- scanning operation, which will be described later, 
and thus the temperatures of the recording heads immediately 
before the recording- interruption operation are measured 
during the record- scanning operation immediately before the 
interruption operation. With this arrangement, a sucking 
operation is performed during the recording-interruption 
operation, temperatures Tbl to Tb4 of the recording heads 1 
before the discharge -recovery operation are measured when 
the recording- interruption operation is removed and the 
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recording operation is resumed, and an average temperature 
Tave2 of the temperatures Tbl to Tb4 is computed and 
temporally stored in the controller 800. In this case, the 
temperatures are obtained after an operation causing the 
interruption (sucking operation in the present embodiment) 
is finished. For example. Fig. 6 is a table showing 
examples of the temperatures Tal to Ta4 and Tbl to Tb4 of 
the recording heads. As shown in the table, the average 
temperatures Tavel and Tave2 are equal to 47.3° C and 40° C, 
respectively. 

[0069] Then, the average temperatures Tavel and Tave2 of 
the recording heads stored in the controller 800 are 
compared to each other, and the heating control of the 
recording heads for increasing the temperatures of the 
recording heads by applying short -width-pulse drive signals 
(shown in Fig. 7) (i.e., with application of short -width 
pulses ) , which do not cause ink in the recording heads to be 
discharged therefrom, on the electrothermal conversion 
members of the recording heads is performed until the 
temperature Tave2 attains to the temperature Tavel. When 
the temperature Tave2 attains to the temperature Tavel, the 
image-forming operation is resumed. 

[0070] Fig. 8 illustrates how the average temperature 
Tavel of the recording heads changes when the heating 
control of the recording heads is performed after the 
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recording-interruption operation by means of the sucking 
operation is performed midway through the image -forming-and- 
recording operation, as described above. A sub- scan 
recording position A shown in Fig. 8 represents a position 
where the sucking operation of the recording heads is 
performed likewise as in Fig. 3. The temperature of the 
recording head lying in a position preceding the position A 
and during the image -recording operation is higher than that 
immediately after the start of the image -recording operation, 
as previously described. Also, the temperature of the 
recording head lying at the sub- scan recording position A 
and immediately after the finish of the sucking operation is 
lower than that occurring before the discharge -recovery 
operation. As a countermeasure against the above problem, 
according to the present embodiment, the heating control of 
the recording heads is performed by applying short -width- 
pulses on the recording heads immediately after the finish 
of the sucking operation and before the resumption of the 
image -recording operation, so that the average temperature 
of the recording heads immediately before the resumption of 
the image-forming operation is increased to the temperature 
Tavel, as shown in Fig. 9. As a result, a difference in 
optical densities of the recording image before and after 
the sucking operation for performing the discharge recovery 
processing serving as the recording-interruption operation 
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decreases . 

[0071] In the meantime, a further study of the inventors 
has revealed that the difference in optical densities of the 
recording image before and after the recording- interruption 
operation is affected not only by the above -described 
difference in temperatures of the recording heads but also 
by the length of the recording downtime. 

[0072] More particularly, as described above, even when 
the average temperature of the recording heads Tave2 
immediately before the resumption of the image- forming 
operation is increased up to the average temperature Tavel 
before the recording- interruption operation by applying 
short -width-pulses on the recording heads before the 
resumption of the image -recording operation, as shown in Fig. 
9, a recording- ink absorbing state of a recording medium and 
a blurring state of recording ink dots recorded on the 
recording medium vary depending on the length of the 
recording downtime, thereby causing a risk of producing a 
step- like drop in the optical density of an image at the 
position of interruption of the recording operation. 
[0073] Figs. 10 and 11 are schematic graphs, each 
illustrating a difference in image optical densities 
affected by a recording- interruption downtime. In the case 
shown in Fig. 11 where a recording- interruption downtime t2 
is equal to 2 seconds, a step-like difference AD 2 (AD 2 = DB2 
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- DA2, where DA 2 and DB2 respectively represent optical 
densities immediately before and during the recording- 
interruption operation) in image optical densities is 
greater than a step-like difference AD1 ( AD1 = DB1 - DAI, 
5 where DAI and DB1 respectively represent optical densities 

immediately before and during the recording- interruption 
operation) in image optical densities occurring in the case 
shown in Fig. 10 where a recording-interruption downtime tl 
is equal to 1 second (i.e., AD2 > AD1 when t2 > tl is 

10 satisfied) . The step-like difference in image optical 

densities during the recording interruption becomes greater 
as the recording- interruption downtime becomes longer. 
[0074] The recording downtime in the present embodiment 
is defined as a time period from a time when a control 

15 command for the sucking operation, the wiping operation, the 

preliminary discharge operation, or a wait for transferring 
image data or the like is issued by a control unit such as 
the controller 800 when the carriage having the recording 
heads mounted thereon is in the process of continuously 

20 performing the recording operation while performing the 

serial scanning operations in the main-scan directions, 
through a temporal halt of the moving operation of the 
carriage, a halt of the recording operation of the recording 
heads, a removal of the command for the recording 

25 interruption, and the resumption of the moving operation of 
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the carriage in the main-scan directions, to another time 
when a command for the resumption of the recording operation 
is issued. 

[0075] Meanwhile, accurate timings of an interruption 
5 start and an interruption removal for determining the 

downtime may be appropriately determined in view of the 
amount of heating for blur correction in accordance with the 
downtime, and are not limited to the above example. 
[0076] The heating control for preventing blurring is 
10 performed immediately before the recording operation. Also, 

the reference character LA in the figures represents a 
recording width of plurality of nozzles of the recording 
heads . 

[0077] Fig. 12 is a graph illustrating the relationship 
15 between a recording downtime ti of the recording heads and a 

difference AD (= DB - DA, where DA and DB respectively 
represent optical densities immediately before and during 
the recording- interruption operation) in recording- image 
optical densities before and after the recording- 
20 interruption operation. When the recording downtime ti is 

short, the difference AD in recording -image optical 
densities takes place little. The recording- image optical 
density immediately after the resumption of the recording 
operation decreases gradually as the recording downtime ti 
25 becomes longer than ta, and thus the difference in 
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recording -image optical densities before and after the 
recording -interruption operation starts to occur. After 
then, the difference AD in recording- image optical densities 
becomes gradually greater as the recording downtime ti 
5 becomes longer, and when the recording downtime ti becomes 

further longer up to tp (tp > ta) , the difference in the 
recording- image optical densities becomes saturated (AD = DM 
when ti > tp, where DM is a saturated value). 
[0078] With this in mind, the recording apparatus 

10 according to the embodiment of the present invention is 

controlled such that, when the recording- interruption 
operation is performed, the recording operation is resumed 
after the heating control of the recording heads is 
performed in accordance with the length of the recording 

15 downtime so as to prevent occurrence of the difference in 

recording -image optical densities before and after the 
recording- interruption operation even when the recording 
downtime differs depending on recording cases. 
[0079] That is, as shown in Fig. 13, in the recording 

20 apparatus according to the present embodiment, the heating 

control of the recording heads is performed such that, when 
the recording- interruption operation is performed, the 
short -width pulses for blur correction are applied during 
the recording downtime by changing the number N of short - 

25 width pulses for heating in accordance with the length of 
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the recording downtime. Then, the recording apparatus is 
controlled so as to resume the recording operation after the 
short -width pulses for blur correction are further applied. 
[0080] As described above, referring back to the graph 
5 shown in Fig. 12, since the difference AD (= DB - DA) in 

recording- image optical densities before and after the 
recording interruption occurs little when the recording 
downtime ti of the recording heads is shorter than tcx, when 
the recording downtime ti is equal to ta or shorter, the 

10 following formula is set: 

Number of blur-correction pulses N = 0 (0 < ti <; ta) . 
Since the recording -image optical density immediately 
after the resumption of the recording operation decreases 
gradually as the recording downtime ti becomes longer than 

15 ta, and accordingly the difference in the recording- image 

optical densities before and after the recording- 
interruption operation starts to occur, the number N of 
blur- correction pulses to be applied on the recording head 
is gradually increased in accordance with the downtime, 

20 according to the following formula: 

Number of blur-correction pulses N = h(ti) (ta < ti ^ 

tp). 

Since the difference in the recording -image optical 
densities becomes saturated when the recording downtime ti 
25 becomes longer than tp, the number N of blur-correction 
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pulses to be applied on the recording heads is set constant 
as expressed by the following formula: 

Number of blur-correction pulses N = h(tp) (= constant) 
(tp < ti). 

5 Alternatively, it is possible to previously obtain a 

formula of the number of blur-correction pulses N = h(ti) in 
an experimental manner and to compute the number N of blur- 
correction pulses with the CPU 801 of the controller 800 on 
the basis of the recording downtime ti from the recording - 

10 downtime detecting means. 

[0081] Still alternatively, by previously preparing a 
table establishing the relationship between the number N of 
blur-correction pulses and the recording downtime ti as 
shown in Fig. 14 and by storing it in the ROM 802 of the 

15 controller 800, the number N of blur-correction pulses may 

be computed on the basis of the table stored in the ROM 802 
of the controller 800 when the recording downtime ti of the 
recording heads is detected by the recording -downtime 
detecting means. 

20 [0082] Fig. 15 is a flowchart illustrating a control 

method of the Inkjet recording apparatus according to the 
first embodiment of the present invention when the 
recording-interruption operation is performed. After the 
start of the image -forming -and- recording operation of the 

25 recording heads 1, temperatures of TI to T4 of the plurality 
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of recording heads 1 (four recording heads in the present 
embodiment) are measured in Step S101 by the temperature 
sensor 50 serving as means for detecting the temperatures of 
the recording heads and are temporally stored in the 
5 controller 800. 

[0083] The timing of storing the above data lies in a 
standby time from the finish of one scanning operation to 
the start of the subsequent scanning operation. It is 
determined in Step S102 whether the sucking operation is 

10 performed during this standby time. When the sucking 

operation is not performed, the temperatures of Tal to Ta4 
of the plurality of recording heads 1 obtained in the last 
scanning operation are overwritten with those obtained in 
the subsequent scanning operation, and the latter ones are 

15 stored. 

[0084] When the sucking operation is performed during the 
standby time, the process advances to Step S103, and the 
temperatures stored at this moment are determined as the 
temperatures Tal to Ta4 of the recording heads 1 before the 
20 start of discharge -recovery operation. Then, the average 

Tavel of the temperatures Tal to Ta4 is computed and stored 
in the controller 800 in Step S104. 

[0085] When the sucking operation is finished in Step 
S105, the temperatures Tbl to Tb4 of the recording heads 
25 after the sucking operation are measured and detected in 



- 32 - 



Step S106 by the temperature sensor 50, and the average 
Tave2 of the temperatures Tbl to Tb4 is computed in Step 
S107 and is compared in Step S108 with the average 
temperature Tavel before the recording-interruption 
5 operation stored in the controller 800. When the average 

temperature Tave2 after the sucking operation is lower than 
the average temperature Tabel before the sucking operation, 
the process moves to Step S109, and the heating control of 
the recording heads is performed until the temperature Tave2 
10 attains to the temperature Tavel by applying short -width- 

pulses for temperature compensation on the recording heads, 
which do not cause ink in the recording heads to be 
discharged therefrom. 

[0086] When the temperature Tave2 attains to the 
15 temperature Tavel, the process advances to Step S110, and 

the recording downtime caused by the sucking operation is 
measured by the timer 812 serving as recording -downtime 
detecting means. Subsequently, the number of blur- 
correction pulses is computed with the controller 800 in 
20 Step Sill, the short-width pulses corresponding to the 

computed number of blur- correction pluses are applied on the 
recording heads in Step S112, and then the image -recording 
operation of the recording heads is resumed in Step S113. 
[0087] Meanwhile, the downtime may be measured by the 
2 5 timer only during the interruption operation. Alternatively, 
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only the downtime may be drawn from a time period 
continuously measured regardless of interruption. Still 
alternatively, when a time period for the sucking operation 
and the like is fixed, the downtime may be obtained by, for 
example, summing up the fixed time period and a time period 
measured by the timer. 

[0088] The present invention is effective to the case 
where the recording operation is temporally interrupted 
after the wiping operation or the preliminary discharge 
operation serving as the recording- interruption operation, 
other than the sucking operation serving as the discharge - 
recovery operation, is performed midway through the 
recording operation or until image data from the host device 
is transferred to the main body of the recording apparatus. 
Against to this interruption operation in the same fashion 
as against the interruption caused by the sucking operation, 
after the heating control of the recording heads is 
performed so as to apply short -width pulses for temperature 
compensation after the recording- interruption operation, and 
also a short -width pulse application control for blur 
correction is performed in accordance with a difference in 
recording downtimes, the image-forming operation is resumed, 
thereby recording a high quality image without differences 
in optical densities and colors of a recording image before 
and after the recording- interruption operation. Also, the 
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recording- interruption operation may be performed not only 
by the discharge -recovery operation but also by one of the 
other processing operations. 

[0089] In the present embodiment, although the short - 
5 width pulse heating is employed as an example for performing 

a control for preventing a difference in temperatures of the 
recording heads before and after the interruption of the 
recording operation and for performing the heating control 
of the recording heads for blur correction in accordance 

10 with a difference in recording downtimes, the effect of the 

present invention is satisfactorily achieved even when the 
temperatures of the recording heads are controlled by 
applying drive pulses , having such a pulse width as to 
discharge ink from the recording heads, on the recording 

15 heads so as to cause the recording heads to discharge ink 

into the cap for recovery or by mixing the short -width 
pulses for the short -width pulse drive and the drive pulses 
having such a pulse width as to discharge ink from the 
recording heads . 

20 [0090] In addition, when the recording apparatus has 

heating elements disposed in the respective recording heads 
independently of heater elements for discharging ink 
disposed in the same, and heating means disposed outside the 
recording heads so as to abut against the recording heads , 

25 the temperatures of the recording heads may be controlled by 
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using these recording-head heating means or by combining 
these recording-head heating means and the drive pulses 
applied on the recording heads . 

[0091] Also, in the present embodiment, although the 
5 average temperatures of the plurality of recording heads are 

computed as the temperatures of the recording heads before 
and after the interruption of the recording operation, the 
effect of the present invention can be further improved by 
independently detecting each of the temperatures of each 

10 recording head before and after the interruption of the 

recording operation and by performing the heating control of 
the recording heads . 

Second Embodiment 
[0092] Fig. 16 is a graph illustrating an Inkjet 

15 recording apparatus according to a second embodiment of the 

present invention. In the second embodiment, in view of the 
fact that a recording- ink absorbing state of a recording 
medium and a blurring state of recording ink dots recorded 
on the recording medium, both appearing during the 

20 interruption of the recording operation of recording-heads 

in accordance with the length of the recording downtime, 
vary depending on kinds of recording ink, a further optimal 
control method for preventing a step-like drop in the 
optical density of an image at the position of interruption 

25 of the recording operation is proposed. 
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[0093] Although, in the Inkjet recording apparatus 
according to the first embodiment, an image is recorded with 
four kinds of recording ink for four colors: cyan, magenta, 
yellow, and black, Inkjet recording apparatuses in which an 
5 image is recorded with six recording ink colors including 

two kinds of ink having a low density such as photo cyan ink 
and photo magenta ink in addition to the foregoing four 
kinds of recording ink for the four colors has been launched 
in recent years on the market by various manufacturers. 

10 [0094] A study of the inventors has revealed that a level 

of the difference in recording -image optical densities, 
occurring in accordance with the length of the recording 
downtime, varies depending on photo hypochromic ink having a 
low density and normal hyper chromic ink having a high 

15 density since the recording-ink absorbing state varies 

depending on the above-mentioned two kinds of ink. 
[0095] With this study in mind, in the recording 
apparatus according to the second embodiment of the present 
invention, the recording heads during the interruption of 

20 the recording operation are optimally controlled depending 

on the kinds of recording ink so as to record an higher- 
quality image. 

[0096] More particularly, as shown in Fig. 16, when the 
recording downtime ti varies, a gradually decreasing 
25 characteristic and a change in optical densities of a 
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recording image immediately after the resumption of the 
recording operation vary depending on the kinds of recording 
ink, and a difference in recording- image optical densities 
caused by hyperchromic cyan ink having a high density is 
more likely to occur even in a short downtime range; whereas, 
a difference in recording -image optical densities caused by 
photo hypochromic cyan ink having a low density is unlikely 
to occur even when the recording downtime is the same as 
that caused by the hyperchromic cyan ink, and also the 
magnitude of the difference caused by photo hypochromic cyan 
ink is smaller. 

[0097] Also, as shown in the graph, with respect to the 
hyperchromic cyan ink, the difference AD (= DB - DA) in 
recording -image optical densities before and after the 
interruption of the recording operation occurs little until 
the recording downtime ti of the recording heads reaches a 
recording downtime tac. As the recording downtime ti 
becomes longer than tac, the recording- image optical density 
immediately after the resumption of the recording operation 
decreases gradually and the difference in recording -image 
optical densities before and after the recording- 
interruption operation starts to take place. Then, the 
difference AD in recording -image optical densities becomes 
gradually greater as the recording downtime ti becomes 
longer, and when the recording downtime ti becomes further 
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longer and reaches a recording downtime t|3c (tpc > tac) , the 
difference AD (= DMc, where ti > tpc) in the recording -image 
optical densities becomes saturated. 

[0098] Meanwhile, with respect to the photo hypochromic 
5 cyan ink, the difference AD in recording -image optical 

densities does not take place until the downtime ti reaches 
a recording downtime tape (tac < tape) which is longer than 
that with respect to the hyperchromic cyan ink, and also the 
difference in recording -image optical densities becomes 
10 saturated at a recording downtime tppc which is shorter than 

that with respect to the hyperchromic cyan ink (where, tac < 
tape < tppc < tpc) . 

[0099] Thus, in the present embodiment, as shown in Fig. 
17, as the numbers of blur-correction pluses to be applied 

15 on the corresponding recording heads for the hyperchromic 

cyan ink and the photo hypochromic cyan ink, two formulas of 
the numbers of blur-correction pulses N = f (ti) and N = 
g(ti) are previously obtained by means of experimental 
measurement and independently from each other. With this 

20 arrangement, the recording apparatus is controlled such that, 

after the recording downtime ti during the interruption of 
the recording operation of the recording heads is detected 
by the timer 812 serving as the recording -downtime detecting 
means, the number N of blur-correction pulses corresponding 

25 to each recording ink color is computed with the CPU 801 of 
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the controller 800 , and the computed blur-correction pulses 
corresponding to each recording ink color are applied on the 
corresponding recording head immediately before the 
resumption of the recording operation. 
5 [0100] Thus, according to the present embodiment, the 

number N of blur- correction pulses to be applied on each 
recording head during the interruption of the recording 
operation is optimally determined in accordance with the 
corresponding kind of color of recording ink discharged from 

10 the recording head so as to minimize the difference in 

recording -image optical densities before and after the 
recording- interruption operation, thereby recording an image 
having higher image quality before and after the recording- 
interruption operation, 

15 [0101] Fig. 18 is a correction table showing the 

relationships between a recording downtime ti and the 
numbers N of blur-correction pulses of images recorded with 
the hyperchromic cyan ink and the photo hypochromic cyan ink, 
the two relationships being prepared independently from each 

20 other. 

[0102] With this arrangement, the recording apparatus 
according to the second embodiment can be controlled such 
that the table of the numbers of blur-correction pulses for 
the hyperchromic cyan ink and the photo hypochromic cyan ink 
25 is stored in the ROM 802 of the controller 800; when the 
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recording downtime ti of the recording heads is detected by 
the timer 812 serving as the recording -downtime detecting 
means, the numbers N of blur-correction pulses are computed 
on the basis of the table stored in the ROM 802 of the 
5 controller 800; and then the computed blur-correction pulses 

are applied on the corresponding recording heads immediately 
before the resumption of the recording operation. 
[0103] Among a variety of Inkjet recording apparatuses, 
the present invention is especially effective to a thermal 

10 Inkjet recording apparatus in which ink is discharged with 

thermal energy. Such a recording apparatus achieves a 
higher density and a higher definition of a recorded image. 
[0104] While the present invention has been described 
with reference to what are presently considered to be the 

15 preferred embodiments, it is to be understood that the 

invention is not limited to the disclosed embodiments. On 
the contrary, the invention is intended to cover various 
modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. The scope of 

20 the following claims is to be accorded the broadest 

interpretation so as to encompass all such modifications and 
equivalent structures and functions . 



